BACKGROUND: In New Zealand, more than 5% of people aged 50 years and older have undiagnosed diabetes; most of them attend family practitioners (FPs) at least once a year.
T reating diabetes and its associated disorders can prevent or delay microvascular and macrovascular damage. In New Zealand, at least 5% of people aged 50 years or older, within each major ethnic group, have undiagnosed diabetes. 1 Some 80% to 90% of these people visit a family practitioner (FP) at least once a year. 2 As most people with undiagnosed diabetes have no symptoms, their diabetes can be found only by screening. The best opportunity to screen is when people attend an FP for another reason. However, it is not clear what method is most effective to trigger diabetes screening when the patient attends for some other reason.
It is well established that computer reminders can be effective in increasing FP preventive care such as immunizations and cervical smears. 3, 4 Nevertheless, not all interventions have been successful, and effect sizes vary markedly so that effectiveness needs to be confirmed in specific settings. It also seems that having a patient remind an FP may be effective, although the evidence is mostly less direct, comes from a range of study types, and the expected size of effect is not always clear. First, patients have been reported as an important barrier to evidence-based medicine or guideline implementation. 5, 6 Second, patient expectations can ''drive'' FPs, 7 or, more specifically, FPs are primarily driven by what they think the patient expects. 8 Third, a limited number of studies have shown a positive effect ''using'' patients to influence FPs. [9] [10] [11] Finally, further indirect evidence comes from the boom in direct-to-consumer marketing that is currently allowed only in the United States and New Zealand. 12, 13 This study compared the effectiveness of computer reminders and a diabetes risk self-assessment form completed by patients, who gave the form to FPs as a way of having patients remind the FP to screen. This trial was conceived as implementing a guideline in preventive care, the guideline being recommendations on diabetes screening previously published by Kenealy et al. 1 Factors that may relate to increased preventive care include a slow consultation rate, doctors being younger and female, and continuity of care with patients regularly attending the same doctor. [14] [15] [16] [17] In New Zealand, there is concern about the increasing rate of diabetes, about its greater prevalence in non-European peoples, 18 and the cost of attending doctors has been raised as a possible barrier to attending FPs.
METHODS

Planned Study Population, Inclusion, and Exclusion Criteria
Family practitioners were eligible for the trial if they: Patients were considered eligible for diabetes screening if they were aged 50 years or older, were not coded in the computer as having diabetes, and had no glucose test result in the computer in the previous 3 years.
Interventions and Timing
The computer showed a slowly flashing icon on the task bar when the doctor opened the file of an eligible patient (Fig. 1) . When the FP clicked on this icon, a brief message appeared suggesting screening for diabetes. The icon flashed each time the patient record was opened until the FP marked the task as ''complete.'' The patient reminder was a diabetes risk self-assessment form, adapted from the American Diabetes Association. 19, 20 The forms asked patients their age and ethnicity, whether their weight was over that listed for their height on an accompanying chart (set at body mass index 28), whether they had a mother, father, sister, or brother with diabetes, whether they were a woman who had a baby weighing more than 4 kg at birth, and whether they did little or no exercise on most days. Practice receptionists were asked to give the form to all patients age 50 years or older attending study FPs. They asked patients to complete what they could before seeing the doctor and to give the form to the doctor.
Author T.K. visited all FPs to confirm recruitment for the study, to explain the study aims and design, to provide uniform education on diabetes screening, and to instruct FPs on using both the computer reminder and the patient reminder form. The visits lasted from 5 to 15 min/FP, some one to one and some in small groups within a practice. All FPs were given a copy of a recent article on diabetes screening in New Zealand 1 and a laminated card summarizing the same information. At the end of each meeting, 1 FP opened an envelope revealing the intervention group assigned to all FPs participating in that practice. As these visit meetings were completed prior to randomly assigning FPs to intervention groups, the effect of the visit on screening rates was presumed to be equivalent across the groups. The effect of these visits on screening rates was measured by comparing the screening rate in the ''usual care'' group with the prior screening rate across all the groups. The active interventions lasted for 2 months, which power calculations suggested was sufficient to establish the effectiveness of the interventions.
Primary Outcome Measures
The primary study question was whether or not a patient who was eligible for diabetes screening and who visited an FP during the study was screened for diabetes. A visit was defined by the presence of an invoice during the study period. A patient was considered ''screened'' if they had a laboratory glucose test result in the computer during the trial.
Other Measures
FP data included gender, year of graduation, half-days worked per week, proportion of total patients aged 50 years or older, proportion of eligible patients screened for diabetes in the 2 months prior to the trial, whether they ever screened for diabetes using only HbA 1c (i.e., without a glucose test), and use of MedTech 32 reminders prior to the trial. The total number of patients seen by each doctor was divided by the number of half-days they worked in the trial as a measure of workload and average length of appointment. Practice size was represented by the total number of doctors in the practice. The usual FP charge for a patient receiving no government subsidies was recorded as a proxy for socioeconomic status of patients and practice location. Patient data included ethnicity, age, number of visits during the trial, and whether the patient was ''regular'' or ''casual'' with the practice.
The patient reminder forms asked for a statement from the FP about whether the patient was screened for diabetes following the consultation; if so, whether they would have screened the patient in the absence of the form, and if no, why not.
Sample Size Calculations and Statistical Analysis
Pilot data from 37 FPs in 9 practices were used for power calculations (power 80% and significance 5%). Simulations with boot-strap selection of practices assumed a mean improvement with either intervention of 15% with a normal distribution of effect and a standard deviation of 5. It was also assumed that the effects of the interventions were additive with a combined additional improvement of between 0% and 15%. Comparisons of computer reminder versus none, patient reminder versus none, both reminders versus none, and either reminder versus both suggested that at least 13 practices were needed in each group. To allow for practices dropping out, 15 practices were sought for each group, a total of 60 practices.
The statistical analyses were carried out in Stata version 8. Logistic regressions allowed for clustering of individual patients within groups (FP), as selection and intervention were conceived as based on individual doctors rather than practice. Alternative calculations based on clustering by practice were also performed, but made no substantial difference to the results. The w 2 test was used for comparison of proportions, and the t test was used for comparison of means. All analyses were performed on an intention-to-treat basis, statistical significance is cited at Po.05, with 1 exception explained in the text, and all tests were 2-tailed. The Auckland Ethics Committees approved this study.
Unit of Randomization, Allocation Schedule
Randomization was undertaken in 2 stages. The first was to sample from FPs who probably fulfilled the inclusion criteria based on a telephone survey of practices. The second was to allocate to an intervention arm those who were confirmed as eligible after a visit by author T.K. and who consented to take part, at the same time stratifying for practice size to protect against grossly uneven distribution of practice size across the intervention arms. Even so, 5 FPs who were initially entered into the trial were withdrawn from analysis as they proved not to fulfill the selection criteria of seeing 10 or more individual patients aged 50 years or older per month, i.e., if this had been known earlier, they would not have been included in the trial. For the first randomization, an independent person used Excel to assign a random number between 0 and 1 to each of the 398 FPs. A prior decision was made to invite FPs assigned random numbers 0 to 0.5.
For the second randomization, practices were stratified according to number of doctors (solo, 2 to 4 doctors, 5 or more doctors), to protect the intervention groups from gross discrepancies in practice size. An independent person used Excel to generate random numbers in blocks of 8 and place the names of intervention groups in sealed and consecutively numbered envelopes. Each block of 8 assigned 2 practices to the computer reminder, 2 to the patient intervention, and so on. The envelopes were numbered, were opened in sequence, and the number, date, and time of opening were recorded.
RESULTS
The number of FPs at each stage of the trial is shown in Fig. 2 . One hundred and seven FPs in 66 practices completed the trial. w Left practice, leaving practice, or on maternity leave (13) , not willing or able-within the timeframe of this trial-to upgrade to the version of MedTech 32 needed for the computer intervention and data collection (15) , not an FP (4), and saw o10 individual patients age ! 50 per month (2). z Two FPs in the computer group, 2 in the patient group, and 1 in the usual group saw o10 individual patients age ! 50 per month.
interval [CI] 1.07, 2.07). The usual group screening rate was close to that for all groups combined in the 2 months prior to the trial (15.7%, P .80).
A Model to Predict Screening of Eligible Patients
Family practitioner, practice, and patient items that were common to all intervention groups were considered for a model predicting screening across all patients in the trial, shown in Table  2 . This model was manually refined to include only those items that, in combination, each retained a significance Po.05 apart from non-European ethnicity, which was retained because of its plausibility in the New Zealand context; see Table 3 .
The reminders increased glucose testing for both patients who were defined as eligible for screening and, to a lesser extent, those who were not. For example, comparing the computer group with the usual group, the OR for eligible patients being screened was 2.55 (Po.001) and for those who were not eligible was 1.31 (P .04).
Patient Sheet Analysis
There were 1,883 patient reminder sheets returned from 28 practices. The number of sheets per practice ranged from 0 to 262. It seemed possible that patient reminders-when delivered-were highly effective, but that the measured effect was minimized in the previous intention-to-treat analyses. Logistic regression comparing practices that returned patient sheets from more or less than 25% (approximately the mean) of their eligible patients showed no statistically significant difference, but practice numbers were relatively small.
Examining the Low Screening Rate with Both Reminders
There was no statistically significant difference between the proportion of sheets delivered to patients in the both reminders group (mean 0.30, SE 0.12) and in the patient reminders group (mean 0.23, SE 0.10), P .65.
The data were examined to see whether the both reminders group, in comparison with either the patient or computer reminders groups, had smaller numbers of patients who visited more often, were regular, or were non-European patients, or whether the FPs had lower rates of screening prior to the trial. For the first 3 variables, the figures given are percentages of patients in each group with significance testing using clustered logistic regression for odds of being screened. Prior screening rates were tested as proportions between groups of 
DISCUSSION Principal Findings
The principal finding of this study was that a simple and unobtrusive computer reminder approximately doubled the rate of appropriate opportunistic screening for diabetes in a routine family practice setting in New Zealand. This is the first study to show that a computer reminder will increase the rate of diabetes screening in family practice, and the first to show that a patient reminder is effective. However, the computer reminders were more effective than patient reminders, and the screening rate was nearly identical for the patient and both groups. The computer reminders appeared more acceptable to FPs and practice staff than the patient reminders. The reminders increased both the rate of screening and the relative rate of screening those who were eligible compared with those who were not eligible. A logistic regression model of the probability of eligible patients being screened included 1 ''trial'' variable (intervention group), 1 FP variable (''prior screen,'' which was the FP screening rate in the 2 months prior to the trial), and 2 ''patient'' variables (''regular'' patient vs not, and non-European ethnicity).
The number of visits by an individual patient within the trial period can reflect FP working style or patient medical problems.
Strengths and Weaknesses
There are several strengths of this study. The sample size exceeded recruitment goals. The participation rate was acceptably high at 112 participants from 168 who proved eligible for the study (67%). The design was robust as was the intentionto-treat analysis, which allowed for clustering.
The trial compared 2 quite different interventions, each expected to increase diabetes screening in ''real-life'' primary care. We envisage that the first task of a screening program is to deliver the intended test to the relevant population. At the time of this study, it was not readily possible to extract glucose values from the FP computers. The trial did not test the appropriateness of the criteria used to determine who was eligible for screening, or what decisions FPs made as a result of any glucose test.
Routinely collected data may have given imprecise counts of a patient visit, an eligible patient, and a screened patient. In each case any error is likely to decrease the apparent screening rate but the effect is not likely to differ between the intervention arms. We also recognize that testing a patient for glucose, even though not ''eligible'' by the definition used here, may nevertheless be appropriate medical care.
The 2-month duration of the intervention is relatively short. The success of the computer reminder will encourage longer-term studies. On the other hand, it would not be worth extending a trial of the patient reminder unless the process was substantially modified.
The degree of participation by FPs and practice staff was very variable in the 2 groups using the patient reminders. Many practices had difficulties because of a series of part-time receptionists dealing with a range of doctors, only some of whom were in the study, being visited by a range of patients, only some of whom ''needed'' forms. On the other hand, the only negative comments about the computer reminders were from those who found the flashing icon to be too inconspicuous.
Interpretation
The most surprising finding was that the effect of both reminders was lower than computer reminders alone, and close to that of patient reminders alone. In the most comparable study we found, Turner et al. 9 tested computer-generated paper reminders and patient reminders as a means to increase 4 categories of preventive care. It is interesting to note that they, too, found that combining both computer and patient reminders was slightly less effective in improving physician-dependent care than were computer reminders alone. There are several possible explanations in this study, including a negative interaction of patient reminders on computer reminders, and vice versa. Perhaps a patient reminder, when it occurred, was so obvious that doctors were distracted from recalling that there was a separate, additional, and easily missed reminder on the computer. This could be summarized as ''if I am not being reminded by the patient, then I am not being reminded at all.'' It seems unlikely that computer reminders had a negative effect on patient reminders; if this were the case, one would expect the patient reminder rate to be considerably higher than the rate with both reminders. 
